. XRD patterns of as-synthesized Na 3 AlF 6 : x% Cr 3+ (x = 0.5, 1, 40, 80) phosphors and that of Na 3 AlF 6 (PDF #01-082-0218) and Na 3 CrF 6 (PDF #27-0675) standards, respectively. The pink frames indicate the co-existing impurities that can be well indexed into (NH 4 ) 2 NaAlF 6 (PDF #97-024-9157).
S3 Figure S2 . (a) XRD patterns of as-synthesized (NH 4 ) 2 NaAlF 6 , and Na 3 AlF 6 : x% Cr 3+ (x = 60, 80) phosphors and that of Na 3 AlF 6 (PDF #01-082-0218) and (NH 4 ) 2 NaAlF 6 (PDF #97-024-9157) standards, respectively.
(b) Emission spectra of Cr 3+ -doped (NH 4 ) 2 NaAlF 6 and Na 3 AlF 6 respectively excited at about 420 nm under the same conditions, as well as their normalizations shown in the inset. Here under blue excitation emission intensities of (NH 4 ) 2 NaAlF 6 : x%Cr 3+ (x= 1, 60) samples are super weaker than that of Na 3 AlF 6 :60%Cr 3+ sample, and emission peak of (NH 4 ) 2 NaAlF 6 :Cr 3+ has obvious red-shift relative to that of Na 3 AlF 6 :Cr 3+ , such as the (NH 4 ) 2 NaAlF 6 :1%Cr 3+ with emission peak ~ 746 nm, and the (NH 4 ) 2 NaAlF 6 :60%Cr 3+ with peak ~ 765 nm. Table S1 . Main parameters of processing and refinement of the Na 3 AlF 6 : x % Cr 3+ (x = 5, 80) samples Crystallographic parameters Na 3 AlF 6 : where B is Racah parameter that describes the effects of electron-electron repulsion within the metal complexes, and parameter m is further defined by S10 , 
where the energy gap E of 4 A 2 → 4 T 2 (4F) and 4 A 2 → 4 T 1 (4F) is evaluated by excitation spectra of Cr 3+ (Figures 2a and S6a) . Correspondingly, the crystal field Dq/B of Cr 3+ in Na 3 AlF 6 is calculated to be about 1.98, which is << 2.3 to enable the 4 T 2 (4F) → 4 A 2 broadband emission. 3 The right panel of Figure S8 schematically depicts the photo-excitation and emission processes of Cr 3+ in Na 3 AlF 6 . Broadband absorption of high-energy photons around 282, 420 and 620 nm enables the efficient occupation of 4 T 2 (4F), 4 T 1 (4F) and 4 T 1 (4P) by inter-configuration spin-allowed transitions from the 4 A 2 orbital singlet ground state.
After fast nonradiative relaxation (NR), all the energy populates 4 T 2 (4F) state to finally yield far-red emissions. = 0 exp ( -0 ) S11 Figure S10 . EDX mapping analysis of Na 3 AlF 6 : 60% Cr 3+ samples after heat treatment at 700 o C for 36 h. Figure S11 . Luminescence spectra of the bare blue emitting InGaN LED device and three pc-LED devices with increasing phosphor loading.
